Abstract. We describe a case of adrenocortical adenoma with preclinical Cushing's syndrome demonstrating diurnal rhythms of ACTH and cortisol in blood. A 50-year-old man was admitted to the hospital for the evaluation of incidental right adrenal mass with hyperglycemia and hypertension. On admission, there were no signs of clinical manifestation of hypercortisolism. The basal levels of cortisol (9.3 µg/dl) and ACTH (9.4 pg/ml) at 0800 h were not elevated and these diurnal rhythms were maintained. One or 8 mg of dexamethasone given orally overnight suppressed the plasma ACTH but not serum cortisol. Ultrasonogram, CT and scintiscan of 131 I adosterol all demonstrated an enlarged adrenal mass in the right adrenal gland. The right adrenal gland was subsequently resected by laparoscopic surgery. Histopathological findings of resected adrenal tumor were consistent with adrenocortical adenoma. Adjacent non-neoplastic adrenal tissue demonstrated adrenocortical atrophy but DHEA-sulfotransferase immunoreactivity in the zona reticularis was detected. We report a case of preclinical Cushing's syndrome associated with diurnal rhythms of ACTH and cortisol in blood including histopathological findings and immunohistochemical evaluation of steroidogenic enzymes.
SINCE Charbonnel et al. [1] reported the entity of preclinical Cushing's syndrome in 1981, numerous cases have been reported in the literature [2] [3] [4] [5] [6] [7] [8] [9] . Some of them [2] [3] [4] 7] demonstrated a normal diurnal rhythm of cortisol in blood as shown in healthy persons [10] , but the histopathological features of adrenocortical neoplasms in these patients have not been reported in the literature to the best of our knowledge.
We report a case of preclinical Cushing's syndrome associated with diurnal rhythms of ACTH and cortisol in blood including histopathological findings and immunohistochemical evaluation of steroidogenic enzymes.
Case Report and Methods
A 50-year-old man was admitted to our hospital for evaluation of incidental right adrenal tumor associated with hyperglycemia and hypertension. Hypertension had been pointed out since he was 30 years old. At 44 years of age, he received lithectomy for ureterolithiasis. At 45 years of age, hyperglycemia was detected by regular health check up. His mother had hypertension and diabetes mellitus. Prior to admission, hypertension (176/107 mmHg) and hyperglycemia with 191 mg/dl in fasting blood glucose and 9.2% in HbA1c were noted. In addition, a right adrenal mass was detected by an abdominal echogram, which was performed by regular health check up. His chief complaints at the time of admission were polydipsia, polyuria and thirst. He was 162 cm tall and weighed 62.5 kg, and had BMI of 23.4 kg/m 2 . His pulse was 68/min and regular, with blood pressure of 182/ 100 mmHg. There were no signs of moon face, buffalo hump, central obesity, hirsutism, subcutaneous bleeding or striae cutis. Also, there was no edema in legs.
On this admission, sustained hyperglycemia was noted with normokalemia (Table 1) . He had nonproliferative retinopathy and mild arteriosclerosis.
As shown in Table 2 , the adrenomedullary function was within normal limits. Concentrations of aldosterone and dehydroepiandrosterone sulfate (DHEA-S) in blood were also within normal range. The basal levels of ACTH (9.4 pg/ml) and cortisol (9.3 µg/dl) measured at 0800 h (Table 2) were not much elevated and decreased to 5.9 pg/ml and 4.0 µg/dl at 2200 h, respectively. This indicated that the levels of both ACTH and cortisol in this patient were elevated in the morning and declined throughout the daytime (Fig. 1) . Excretion of urinary 17-OHCS and 17-KS were within normal range, but urinary excretion of free cortisol was elevated. One or 8 mg of dexamethasone given orally at 2300 h suppressed the basal levels of plasma ACTH at 0800 h, respectively, while they did not completely suppress the serum cortisol level. These findings were consistent with hypercortisolism.
As ultrasonogram of the abdomen demonstrated an enlarged and hypoechoic mass (1.8 cm in greatest dimension) in his right adrenal gland, CT scan was performed to further characterize its features. CT demonstrated the same enlarged mass in the right adrenal gland. Scintiscan of 131 I adosterol also displayed strong uptake of 131 cholesterol in the same region, while there was reduced uptake of 131 cholesterol in the left adrenal gland.
The right adrenal gland was subsequently resected by laparoscopic surgery. The resected adrenal tissue weighed 12 gm and the cut surface of the tumor appeared brown-yellow in color. Light microscopic ex- amination of the resected specimen demonstrated the mass was well-circumscribed but not encapsulated. The mass was diagnosed as adrenocortical adenoma. Histological coexistence of compact (70%) and clear cells (30%) was noted ( Fig. 2A ) and all enzymes of adrenocortical hormone synthesis including DHEAsulfotransferase were detected by an immunohistochemical method reported previously [5] (Fig. 2B) , which is consistent with cortisol production in this adrenocortical adenoma. In contrast, tissue adjacent to the tumor was atrophic and had adrenocortical nodules that occurred secondarily (Fig. 3A) . However, DHEAsulfotransferase in the adjacent zona reticularis was abundantly detected (Fig. 3B) . After the resection, plasma level of ACTH at 0800 h increased markedly, while serum cortisol level and urinary excretion of free cortisol returned to normal level. One mg of dexamethasone given orally at 2300 h suppressed both the levels of serum cortisol and plasma ACTH at 0800 h completely (Table 2 ). These diurnal patterns were also maintained throughout the clinical course ( Fig. 1) .
At 3 to 4 weeks after the resection, blood glucose levels before breakfast and 2 h after dinner improved to 103 mg/dl and 160 mg/dl, respectively. HbA1c decreased to 7.0%. In addition, clinic blood pressure normalized to 130/70 mmHg.
Discussion
The patient had no specific clinical manifestation of Cushing's syndrome, although he had hyperglycemia and hypertension. Further, the blood cortisol level at 0800 h was not so high and was observed to have a circadian pattern. Nevertheless, urinary excretion of free cortisol was increased. In addition, serum cortisol levels at 0800 h were not completely suppressed by either 1 mg or 8 mg of dexamethasone administration, while plasma ACTH levels were low. Imaging methods suggested the presence of a functional adrenal tumor in this patient. These abnormalities improved after the resection of right adrenal tumor. All findings indicate that this patient had hypercortisolism. However, at least few questions were raised regarding his pathophysiological status: first, are the circadian patterns of ACTH and cortisol in blood related to diurnal rhythms as those in healthy subjects [10] , and second, how did the histopathological finding with immunohistochemical evaluation of steroidogenic enzymes in this case change.
Van Cauter [11] defines diurnal rhythms as following: (1) The patterns of ACTH and cortisol in blood are associated with an early morning maximum, gradual decrement throughout daytime, a quiescent period of minimal secretory activity and an abrupt elevation during late sleep. (2) The amplitude of circadian rhythm may be estimated as 50% of the difference between maximum and minimum values of the best-fit curve. In this case, an abrupt elevation during late sleep could not necessarily be determined, but both his ACTH and cortisol levels in blood were elevated in the morning and decreased throughout the daytime. We could not evaluate his levels of minimal secretory activity, but estimated that the levels in blood was 4.0 pg/ml in ACTH and 2.9 µg/dl in cortisol on the basis of results by dexamethasone suppression test. Accordingly, the differences between maximum value at the morning and minimum value at the quiescent period may be higher than 50%, which indicated that this patient had diurnal rhythms.
Interestingly, adjacent non-neoplastic adrenal tissue, especially the zona reticularis was associated with abundant expression of DHEA-sulfotransferase, although it was morphologically atrophic and had adrenocortical nodules that occurred secondarily. In general, DHEA-sulfotransferase in the zona reticularis is not detected in patients with preclinical Cushing's syndrome without diurnal rhythms or full blown Cushing's syndrome, because DHEA-sulfotransferase production is directly influenced by the ACTH via negative feedback system of hypothalamus, pituitary and adrenal axis (HPA axis) [5, 12] . However, the findings of this case suggest that the ACTH-derived stimulation of DHEA-sulfotransferase expression may be controlled by the pulsatile-like secretion of ACTH rather than the absolute value of plasma ACTH in the low concentration of plasma ACTH. Usually, the serum concentration of DHEA-S in patients with preclinical Cushing's syndrome as well as Cushing's syndrome is decreased [5] . In this case, the normal level of DHEA-S may be explained by this morphological finding, but better investigations are required for further characterization of this unique finding. Moreover, the absence of specific histopathological findings in the cortical adenoma in this case, compared to those of preclinical Cushing's syndrome associated with no evidence of diurnal cortisol rhythm may be explained by the less pronounced hypersecretion of cortisol in the tumor [5, 12] .
All findings suggest that it is difficult to discriminate among nonfunctioning adenoma, preclinical Cushing's syndrome and overt Cushing's syndrome on the basis of steroidogenesis in the tumor, and that the analysis of adjacent non-neoplastic adrenal glands including the evaluation of histological atrophy of the zona fasciculata and reticularis as well as DHEA-sulfotransferase expression in the zona reticularis is of help in understanding the status of HPA axis in patients with these adrenocortical neoplasms.
In 1996, the "disorders of adrenal hormones" research committee of the Japanese Ministry of Health and Welfare [13] reported the diagnostic guidelines of preclinical Cushing's syndrome. In this case, all findings fulfilled the criteria of preclinical Cushing's syndrome except for the presence of both diurnal rhythms of ACTH and cortisol in blood, and normal level of blood DHEA-S. Since there is no report on the histopathological finding of DHEA-sulfotransferase activity in the zona reticularis in a case of preclinical Cushing's syndrome with diurnal rhythms of ACTH and cortisol in blood, our finding may contribute to better understanding the degree of ACTH suppression due to hypercortisolism.
In conclusion, we describe potentially significant pathohistological findings in a case of preclinical Cushing's syndrome with diurnal rhythms of ACTH and cortisol in blood.
